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Abstract
The influence of isospin on pre-scission giant dipole resonance (GDR) γ decay for nuclei 194Pb, 200Pb, 206Pb and 200Os is explored via a
Langevin equation coupled with a statistical model. It is demonstrated that with increasing the isospin of these fissioning nuclei the sensitivity
of the emitted γ multiplicity to the nuclear viscosity coefficient is decreased significantly. For 200Os nucleus, this γ -ray emission is no longer
sensitive to the magnitude of the viscosity coefficient. In addition, isospin effect on the γ rays as a probe of nuclear dissipation is reduced with
increasing angular momentum. These results suggest that to obtain a more accurate information of the viscosity coefficient by the measurement
of pre-scission GDR γ -ray multiplicity it had better choose those compound systems with small isospin and low spin.
© 2007 Elsevier B.V.
PACS: 25.70.Jj; 25.70.Gh
Keywords: Isospin effect; Giant dipole resonance γ -ray multiplicity; Nuclear dissipation
Open access under CC BY license.1. Introduction
The nature and magnitude of nuclear dissipation have been
the subject of great experimental and theoretical interests [1–
3]. Due to dissipation, fission is delayed and this results in the
enhanced emission of giant dipole resonance (GDR) γ rays
and light particles in the fission process [4–9]. Therefore they
are considered to be important indicators for nuclear dissipa-
tion. Theoretical analysis of experimental observables based on
diffusion models [10–21] mainly focuses on light particle emis-
sion, evaporation residue cross sections and the kinetic energy
distribution of fission fragments. In contrast, although Fröbrich
and Gontchar found that γ -ray multiplicity is a more sensitive
probe of nuclear viscosity coefficient than light particles [22],
till date theoretical studies involving γ decay in the dissipative
fission are still very rare. On the experimental side of γ emis-
sion, now total energy spectra of γ multiplicity in the fission
process, which is a sum of GDR γ decay from fission fragments
and pre-scission compound system, can be measured, while the
* Corresponding author.
E-mail address: yewei@seu.edu.cn (W. Ye).0370-2693 © 2007 Elsevier B.V.
doi:10.1016/j.physletb.2007.01.065
Open access under CC BY license.extraction of pre-scission γ -spectra and multiplicities resorts
to a statistical model analysis [6–8]. Hence it still lacks direct
(without a statistical model analysis in between) experimental
information about the pre-scission γ multiplicity. Despite these
difficulties, an agreement between pre-scission GDR γ multi-
plicity data for the 224Th system and Langevin calculations was
obtained by Fröbrich and Gontchar [10].
A recent work [23] showed that isospin affects the particle
emission and that with increasing the isospin of the system the
emitted charged particles are not a good observable of the vis-
cosity coefficient. The present work devotes to investigating
isospin effects on the pre-scission GDR γ -ray emission as a
probe of nuclear dissipation by means of Langevin equations.
2. Theoretical model
A combined dynamical Langevin equation and a statistical
model (CDSM) is employed to study γ -ray evaporation in the
fission process. Since the present model is the same as that of
Refs. [10,24], so here a brief introduction to the model is given.
The dynamical part of the CDSM model is described by the
Langevin equation which is driven by the free energy F . In the
Fermi gas model, F is related to the level density parameter
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(1)F(q,T ) = V (q) − a(q)T 2,
where V (q) is the fission potential and T is the nuclear temper-
ature.
The one-dimensional overdamped Langevin equation reads
(2)dq
dt
= − 1
Mβ(q)
∂F (q,T )T
∂q
+√D(q)Γ (t),
where q is the dimensionless fission coordinate and is defined
as the half the distance between the center of masses of the
future fission fragments divided by the radius of the compound
nucleus. β(q) is viscosity coefficient. The fluctuation strength
coefficient D(q) can be expressed according to the fluctuation–
dissipation theorem as
(3)D(q) = T
Mβ(q)
,
where M is the inertia parameter which drops out of the over-
damped equation. Γ (t) is a time-dependent stochastic variable
with Gaussian distribution. Its average and correlation function
are written as〈
Γ (t)
〉= 0,
(4)〈Γ (t)Γ (t ′)〉= 2δ(t − t ′).
The potential energy V (Z,A,L,q) is obtained from the finite-
range liquid-drop model [26,27]
V (A,Z,L,q)
= a2
[
1 − k
(
N − Z
A
)2]
A2/3
[
Bs(q) − 1
]
(5)+ c3 Z
2
A1/3
[
Bc(q) − 1
]+ crL2A−5/3Br(q),
where Bs(q), Bc(q) and Br(q) are surface, Coulomb, and ro-
tational energy terms, respectively, which depend on the defor-
mation coordinate q . a2, c3, k, and cr are parameters not related
to q . In our calculations, we take them according to Ref. [10].
After fission probability flow over the fission barrier attains
its quasi-stationary value, the decay of compound systems is
described by a statistical model and it is called statistical part
of CDSM. In the CDSM model, light-particle evaporation is
coupled to the fission mode by a Monte Carlo procedure al-
lowing for the discrete emission of light particles. For more
details about how to treat light particle and GDR γ -ray emis-
sion and about the formula for the widths of light particles
(n,p,α) and GDR γ decay, see Refs. [10,24]. Note that some
parameters from Ref. [28] are used to calculate light particle
emission widths. For the γ -ray width, the strength function for
GDR emission is from Ref. [29], which is the same as that used
in Refs. [6,7].
3. Results and discussions
In order to exploit how isospin affects γ -ray emission,
four fissioning systems, namely 194Pb, 200Pb, 206Pb and 200Os,
whose isospin values (N/Z) are 1.365, 1.439, 1.512 and 1.632Fig. 1. Pre-scission γ -ray multiplicity (Eγ  30 MeV) of systems 194Pb,
200Pb and 206Pb as a function of viscosity coefficient (β) at excitation energy
E∗ = 100 MeV and three critical angular momenta c = 30, 50 and 70h¯. The
lines are guides to the eyes.
respectively, are used for the present study. In this work, to
accumulate sufficient statistics 107 Langevin trajectories are
simulated though such doing costs much CPU time. For each
trajectory simulating the fission motion an angular momentum
L = h¯ is sampled from the spin distribution [10]
(6)dσ()
d
= 2π
k2
2 + 1
1 + exp[( − c)/δ]
describing the fusion process. The parameters c and δ are the
critical angular momentum for fusion and diffuseness, respec-
tively. The final results are weighted over all relevant waves,
i.e., the spin distribution is used as the angular momentum
weight function. Additionally, to better study the sensitivity
of pre-scission γ emission to the viscosity coefficient (β), in
the calculations β is respectively chosen as 3, 5, 7, 10, 15 and
20 × 1021 s−1 throughout the fission process.
Fig. 1 shows the change of pre-scission γ multiplicity (γpre)
emitted from nuclei 194Pb, 200Pb and 206Pb with nuclear vis-
cosity coefficient at excitation energy of 100 MeV and three
critical angular momenta (c). Note that at present range of γ -
ray energy, namely Eγ  30 MeV, all of the γpre have been
included. As expected, γpre rises with β for three Pb isotopes in
spite of their isospin difference. It is due to the friction effect,
which leads to a decrease of fission probability and a longer
120 W. Ye et al. / Physics Letters B 647 (2007) 118–121Fig. 2. Pre-scission γ -ray multiplicity (Eγ  30 MeV) of systems 200Pb
and 200Os as a function of viscosity coefficient at two excitation energies
E∗ = 100 MeV (left column) and 150 MeV (right column) and three critical
angular momenta c = 30h¯ (top panel), 50 h¯ (middle panel) and 70h¯ (bottom
panel).
saddle-to-scission time. Both factors enhance the γ emission.
In the following we take the results at c = 30h¯ as a demon-
strated example. Two evident features are noticed from this
figure. First, the symbol  is always above ©, and the latter
is above . That is to say, 194Pb emits more γ rays than the
case of 200Pb and 206Pb, meaning that the γ multiplicity in-
creases with decreasing the isospin of the system. The main
reason that γ emission depends on the isospin stems from the
dependence of light particle emission on the isospin and the
emission competition between different decay channels such as
light particles and γ rays. Consequently, γ emission also de-
pends on the isospin. Moreover, for a system with a high isospin
neutron emission is significantly enhanced [23], which is un-
favorable to γ -ray emission. As a result, γpre decreases with
isospin. Another feature is that the change of γpre with β has
a large difference for three Pb nuclei. Generally speaking, the
changed magnitudes of γ multiplicity at different viscosity co-
efficients become smaller with increasing isospin. For instance,
when β rises from 3 × 1021 s−1 to 20 × 1021 s−1, for 194Pb the
changed amount of γpre is 4.73×10−2, which is larger than that
of 206Pb, whose γpre changes 1.96 × 10−2. This comparison in-
dicates that the sensitivity of the emitted γ multiplicity to β is
lowered at a large isospin.
To further explore isospin effect on the GDR γ emission as
an observable of nuclear dissipation. We depict in Fig. 2 the
calculated results for a higher isospin system 200Os. As a ref-
erence, the data of 200Pb are also plotted. Obviously, the γ ray
emitted from 200Os is insensitive to the viscosity coefficient.In other words, it is almost unchanged with increasing β . At
E∗ = 100 MeV and c = 50h¯, the change of γpre of 200Pb is
over 0.025 as β increases from 3 × 1021 s−1 to 20 × 1021 s−1.
In contrast, the change of γpre of 200Os is less than 0.005, 50
times smaller than the case of 200Pb. At other two angular mo-
menta c = 30h¯ and 70h¯, a similar picture is found. It should be
pointed out that almost no dependence of γ decay of 200Os on
the friction strength cannot be totally ascribed to a fall of fission
barrier with angular momentum though it plays a role. This is
because even at angular momentum of 70h¯ the fission barrier of
200Os has 7.5 MeV, a rather large value. It means that the high
isospin of 200Os is responsible for the behavior of the insensi-
tivity of γ decay with friction strength. Thus the calculation for
the 200Os nucleus demonstrates that for such a system with even
higher isospin the pre-scission γ multiplicity is not a good ob-
servable for nuclear dissipation. Shown in the right column of
Fig. 2 is the result at a larger excitation energy E∗ = 150 MeV.
One can easily see the increment of excitation energy does not
alter the sensitivity of γpre to β for this high-isospin 200Os nu-
cleus.
Since in the deexcitation process of compound nuclei, fission
competes with other decay channels and it has a strong depen-
dence on the spin of the fissioning system. In addition, different
experiments can produce the same compound nuclei but with
different spins. So here a detailed computation of the emission
of the γ rays for three Pb systems at different angular mo-
menta is performed. Fig. 1 exhibits the calculated γ multiplicity
at three critical angular momenta. Note that shell effects are
washed out at present excitation energy of 100 MeV. As can be
seen, γ emission has a dependence on the angular momentum
and it is reduced at a higher spin. This dependence comes from
two aspects. Firstly, high angular momentum lowers the fission
barrier, which favors fission and correspondingly suppresses
the decay of other channels. Of course, these suppressed decay
channels include GDR γ decay. The second aspect is because
of influence of light particle emission on the γ decay. It has
been found that with increasing angular momentum light parti-
cle multiplicity decreases [10,19]. The above two reasons result
in a dependence of γ emission on the angular momentum. From
Fig. 1 one can see another important effect arising from angular
momentum, namely, it affects the relationship between isospin
and the sensitivity of γ -ray multiplicity to viscosity coefficient.
It is clear that the gaps of three lines in Fig. 1 due to isospin
difference becomes narrower at large c. Specifically speak-
ing, at β = 7/20 × 1021 s−1 and c = 30h¯ the differences be-
tween 194Pb and 200Pb as well as between 200Pb and 206Pb are
0.0201/0.0329 and 0.0160/0.0169, respectively. While at c =
50h¯ they become 0.0050/0.0088 and 0.0060/0.0071. As c
further rises 70h¯, the corresponding differences are decreased
down to 0.0028/0.0045 and 0.0018/0.0026. These quantita-
tive numerical values clearly indicate that isospin effects on
pre-scission γ multiplicity as a probe of nuclear viscosity coef-
ficient are significantly decreased with increasing angular mo-
mentum. Although γpre at c = 70h¯ is smaller than that at
c = 30h¯ and 50h¯, isospin effect on γpre is still evident. It is
due to the influence of competing light particle channels and
their isospin dependence. Displayed in Fig. 3 are the emitted
W. Ye et al. / Physics Letters B 647 (2007) 118–121 121Fig. 3. Pre-scission multiplicity of neutrons (Npre), protons (Ppre) and α parti-
cles (αpre) of 194Pb, 200Pb and 206Pb as a function of viscosity coefficient at
excitation energy E∗ = 100 MeV and critical angular momentum c = 70h¯.
neutrons, protons and α particles as functions of isospin and
viscosity coefficient at c = 70h¯. As is seen, Npre is an increas-
ing function of the isospin of three Pb nuclei, Ppre and αpre are a
decreasing function of the isospin. It is obviously related to the
systematics of the neutron number of fissioning sources. These
types of behavior can be explained in terms of the change of
the particle separating energy for fissioning sources with dif-
ferent isospins. Furthermore, the multiplicity of protons and α
particles of 206Pb is almost independent of β , which is different
from the case of low-isospin 194Pb. This is a consequence of a
stronger neutron emission of 206Pb than 194Pb since Fig. 3 re-
veals that Npre of 206Pb is over 1.5 times than that of 194Pb.
Enhanced neutron emission lowers not only charged particle
decay but also other decay channels, such as γ decay. The vari-
ation of γpre with isospin illustrated in Fig. 1 also show this
point.
It should be mentioned that we also carry out the same calcu-
lations at other excitation energies and find that the conclusions
are similar and hence not repeated here. Also, considering that
the experimental data in Refs. [7,8] are discussed in terms of
ratios (it refers to the ratio of emitted GDR γ multiplicity be-
fore scission to that from post-scission [7]), and this method ofratio has proven to be a very sensitive tool to reveal dissipa-
tion effects [7,8], thus extending the present model to include
post-scission emission is interesting.
4. Summary and conclusions
In conclusion, using the Langevin equation containing vari-
ous particle emission we explore the isospin effect on the pre-
scission GDR γ -ray emission. Calculations show that such an
effect is rather strong so that for a high-isospin fissioning nu-
cleus 200Os, the γ -ray emission is no longer sensitive to nuclear
viscosity coefficient. Moreover, it is found that this isospin ef-
fect becomes weak at high angular momentum. These results
suggest that in order to get an accurate information of viscosity
coefficient by measuring pre-scission γ multiplicity it had bet-
ter choose those compound systems with small isospin and low
spin.
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